Brain development relies on an interplay between genetic specification and 7 self-organization. Striking examples of this relationship can be found in the somatosensory 8 brainstem, thalamus, and cortex of rats and mice, where the arrangement of the facial whiskers 9
Introduction 17
Spatial patterns in neural connectivity provide clues about the constraints under which brains nalling gradients can constrain the emergence of distinct fields from intrinsic cortical dynamics. 58 Their model defines how the density of connections ( , ) and axon branches ( , ) interact at 59 time , along a 1D anterior-posterior axis , for thalamocortical projections indexed by . The 60 model was derived from the assumption that the rates at which and grow are reciprocally 61 coupled. Extending the original 1D model to simulate arealization on a 2D cortical sheet, we use 62 (x, ) and (x, ), and model synaptogenesis as
(1) Accordingly, where the total density of synaptic connections sums to one, connections decay at 64 rate . Otherwise the connection density increases non-linearly ( > 1) with the density of axon 65 branching. Axon branching is modelled as
The first term on the right describes the divergence (indicated by ∇ • ) of the quantity in parentheses,
67
which is referred to as the 'flux' of axonal branching. The flux represents diffusion across the 68 cortical sheet, at rate , and the influence of molecular signalling fields, (x). The influence 69 of a given field (indexed by ) on a given thalamic projection (indexed by ), is determined by , , 70 which may be positive or negative in order that axons may branch in the direction of either higher 71 or lower concentrations. Note that computing the divergence in simulation requires cells on the 72 cortical sheet to communicate with immedately adjacent cells only (see Materials & Methods) The 73 second term on the right quantifies the coupling between axon branching and synaptogenesis.
74
Here = 0 is a placeholder.
75

Results
76
First we verified that all results established by Karbowski and Ermentrout (2004) for a 1D axis could 77 be reproduced using our extension to a 2D cortical sheet. Using an elliptical domain, , with = 3 78 offset guidance gradients aligned to the longer axis, = 5 thalamocortical projections gave rise to 79 five distinct cortical fields at locations that preserved the topographic ordering defined by the orig-80 inal values. However, we found that specifying ordered areas required ≈ ( + 1)/2 signalling 81 fields. This is because localization of axon densities occurs only when projections are influenced by 82 interactions with two or more signalling gradients that encourage migration in opposing directions. Figure 1 . A Left shows a cytochrome oxidase stain obtained from rat S1 by Zheng et al. (2001) , with black lines to delineate barrels and to measure departure (Honda-; see Senft and Woolsey, 1991) from a perfect Voronoi tesselation. Right shows the initial distribution of axon branching density ( ) for one thalamocortical projection, and two molecular guidance fields ( ). B The strengths of interaction with fields 1 and 2 are indicated for each of 41 projections by the lengths of green and blue arrows respectively, assuming that similar fields aligned to the posterior-anterior and medial-lateral axes in the ventroposterior medial nucleus of the thalamus are sampled at the locations of putative barreloid centers (reconstructed from Haidarliu and Ahissar, 2001). C Simulation results for parameters = 41, = 3, = 20, = 3, = 0.2, ∈ ±2, = 150 and = 0.0001. Colours indicate the thalamic projection for which the connection density is maximal, black lines delineate boundaries, and overlaid contours show > 0.5 (see Movie S1). D Red dots show the Honda-metric obtained from simulation approaching that obtained from barrels in A (dotted line); black squares measure the correspondence between the real and simulated barrel shapes, (the product of the sum of squared differences between real and simulated centers and the sum of differences in area; units mm 4 ). E Guidance fields and emergent barrel pattern in a Fgf8 misexpression experiment (c. f. Assimacopoulos et al., 2012) , simulated by reflecting 1 at the join ( = 80). All scale bars 1mm. boundary, can faithfully reproduce an arrangement of cell aggregates in one neural structure as a 140 topographic map in another.
141
Moreover, the present results confirm that somatotopic map formation does not require the 142 pre-specification of center-points by as yet undetermined additional developmental mechanisms.
143
Materials & Methods
144
The cortical sheet was modelled as a two dimensional hexagonal lattice, which simplifies the com-145 putation of the 2D Laplacian. Within a boundary traced around the edge of a rat barrel field (Fig. 1A) 146 we set the hex-to-hex distance to 0.03 mm, which resulted in a lattice containing 6515 hexes for (5)
Note that the sum of the guidance gradients is time-independent and define g (x) ≡ ∑ =1 , ∇ (x).
154
Because the divergence operator is distributive, Eq. 5 can be expanded using vector calculus iden-155 tities (dropping references to x and for clarity):
Applying the vector calculus product rule identity yields
which has three elements to compute: i) ∇ • ∇ (the Laplacian of ); ii) a time-independent mod-158 ulator of (because ∇ • g is a time-independent static field); and iii) the scalar product of the static 159 vector field g and the gradient of . Each of the divergences can be simplified by means of Gauss's 160 Theorem following Lee et al. (2014) . 
where = /√3 is the length of each edge of the hexagon and d is an infinitesimally small distance 164 along its perimeter.
165
ii) The computation of the second term in Eq. 7, ⟨ (p 0 , )∇ • g (p 0 )⟩, can be written out similarly: 
where and are the Cartesian components of g . Both this last expression, and the final ex-
